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NONUNIFORM ELECTRICAL CONDUCTION 

I N  MAGNETOHYDRODYNAMIC CHANNELS 


D. A. Oliver  and M .  Mitchner 

S t an fo rd  Un ive r s i ty ,  S t a n f o r d ,  C a l i f .  


Abs t r ac t  

Two methods of d e s c r i b i n g  s t e a d y  e l e c t r i -  
c a l  conduckion i n  a  p a r t i a l l y  i on ized  gas 
w i t h  Ha l l  e f f e c t ,  s t r o n g  a p p l i e d  o r  mag-
n e t i c a l l y  induced e l e c t r i c  f i e l d s ,  and non- 
uniform e l  c t r i c a l  c o n d u c t i v i t y  have been 
p r o p o s e d ( l7 . These methods a r e  e l abora t ed  
upon and f u r t h e r  r e s u l t s  a r e  ob ta ined  i n  
t h e  present  s tudy.  

The f i r s t  method is  based upon t h e  i n t r o -  
duc t ion  of model c o n d u c t i v i t y  d i s t r i b u t i o n s  
i n t o  Maxwell's equat ions  and the  Ohm's Law. 
D e t a i l e d  s o l u t i o n  f o r  p o t e n t i a l  and c u r r e n t  
i n  the  conducting gas may then  be obta ined .  
The second method i n c o r p o r a t e s  t h e  e f f e c t  
of a nonequil ibrium e l e c t r i c a l  c o n d u c t i v i t y  
because of Joulean  heat ing-induced non-
e q u i p a r t i t i o n  of  e l e c t r o n  and gas  tempera- 
t u r e .  Maxwell's equat ions  and Ohm's Law 
a r e  thus supplemented wi th  t h e  e l e c t r o n  
c o n t i n u i t y  and energy equa t ions .  The 
occurrence  o f  such a  nonequi l ibr ium con-
d u c t i v i t y  is shown t o  l e a d  n a t u r a l l y  t o  
t h e  poss ib l e  development of  a s t a t i c  i n -  
s t a b i l i t y  p rev ious ly  d i scussed  by 
~ e r r e b r o c k ( * )  a s  w e l l  a s  a dynamic i n s t a -  
b i l i t y  which occurs wi th  l a r g e  H a l l  e f f e c t s  
i n  a nonequ ipa r t i t i on  plasma. This  l a t t e r  
i n s t a b i l i t y  has  been termed by ~ e r r e b r o c k (  3) 
a s  a n  "e lec t ro- thermal  wave i n s t a b i l i t y . "  
It i s  shown t h a t  t he  governing system of 
equa t ions  f o r  s t eady  nonunif  drm conduction 
is  i n  gene ra l  of  mixed e l l i p t i c - h y p e r b o l i c  
t ype .  I n  a d d i t i o n ,  when t h e  e l e c t r o n s  a r e  
i n  Saha equ i l i b r ium a t  t h e  l o c a l  e l e c t r o n  
tempera ture ,  t h e  cond i t ion  t h a t  t h e  s t eady  
equa t ions  f o r  nonuniform conduction be 
e l l i p t i c  is shown t o  be t h e  same a s  t he  
cond i t ion  t h a t  t he  time-dependent equat ions  
be s t a b l e .  The imp l i ca t ions  of such s t a -  
b i l i t y  and type c o n s i d e r a t i o n s  f o r  numer-
i c a l  s t u d i e s  of s t e a d y  nonuniform e l e c t r i -  
c a l  conduction wi th  a  nonequi l ibr ium con- 
d u c t i v i t y  a r e  d i scussed .  

These methods a r e  a p p l i e d  t o  f lowing 
gases  i n  two-dimensional l i n e a r  magneto- 
hydrodynamic channels  w i t h  segmented e l e c -  
t r o d e  s t r u c t u r e s .  D e t a i l e d  numer ica l  s o l -  
u t i o n s  f o r  c u r r e n t  and p o t e n t i a l  a r e  ob-
t a i n e d .  The e f f e c t s  of a l a r g e  H a l l  para-  
meter on t h e  performance of  an  MHD genera-
t o r  w i th  h igh  o r  low c o n d u c t i v i t y  l a y e r s  
over  t h e  e l e c t r o d e s  and i n s u l a t o r s  a r e  
examined. I n  g e n e r a l ,  i t  i s  found t h a t  
conduc t iv i ty - induced  nonun i fo rmi t i e s  l e a d  
t o  a  deg rada t ion  of' performance of  t h e  gen- 
e r a t o r  which becomes more pronounced a s  
t h e  H a l l  parameter  i s  i n c r e a s e d .  

Performance c a l c u l a t i o n s  have a l s o  been 
made f o r  t h e  nonequi l ibr ium c o n d u c t i v i t y  
model. These c a l c u l a t i o n s  show t h e  degrad- 
a t i o n  o f  H a l l  vo l t age  i n  a Faraday genera-  
t o r  a s  i n c r e a s i n g  d e p a r t u r e s  of e l e c t r o n  
and g a s  tempera ture  a r e  a l lowed.  The 
e f f e c t s  of  va ry ing  t h e  H a l l  parameter  a r e  
a l s o  examined s u b j e c t  t o  t h e  cond i t ion  t t a t  
t h e  H a l l  parameter  no t  exceed a c r i t i c a l  
v a l u e  which. b r i n g s  on t h e  e l e c t r o t h e r m a l  
wave i n s t a b i l i t y .  
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